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Abstract: Pistons are one of the main components of a 1000 cc
engine that functions as a pressure suppressor and a recipient of
pressure combustion in the combustion chamber. In the
examination of the 1000 cc sedan engine that has been operating
for 30,000 hours found a rough sound on the engine and
experienced loss compression on the cylinder block number 2. The
purpose of the study was to obtain the factors causing the
deformation of the piston 1000 cc sedan vehicles. The research
method used is metallographic observation using ASTM E 3 and
ASTM E 112, testing hardness using ASTM E 92 and SNI
19-0409-1989 and testing chemical composition using ASTM A
751. The results of research on piston damage can be seen that
observation macrostructure proves that there is plastic
deformation on the surface area of the piston material, the results
of microstructure observation are known to occur microcrack on
thetop surface of theright side of the piston, thereisno changein
microhardness between the piston material in the deformed area
with the deformed piston material hardness, piston material made
of alloy Al-Si. In the area of the piston surface that experiences
deformation, Mg2Si and Mg2Al3 compounds are formed, these
compounds which cause microcrack on the piston's upper
surface. Plastic deformation on the piston surface occursdueto a
collision between the piston surface and the cylinder head due to
the buildup of crust on the piston surface.

Keywords: piston, deformation, metallography, hardness,
chemical composition.

. INTRODUCTION

Four-wheeled vehicles with 1000 cc engine cylinder
capacity are the types of vehicles that are in great demand by
the Indonesian people, especialy those who livein big cities,
like Jakarta with high levels of traffic congestion. This is
becausethe car isenvironmentally friendly, fuel-efficient, and
has a compact and lightweight design. Engine with a cylinder
capacity of 1000 cc has 3 (three) cylinders that use a rotating
angle of 120° so that the rotation is balanced. Although the
3-cylinder engine rotation can compensate for each other,

Manuscript published on November 30, 2019.
*Correspondence Author

Ahmad Zayadi*, Mechanical Engineering, Universitas Nasional,
South Jakarta, Indonesia. Email: zayadi @civitas.unas.ac.id

Novi Azman, Electrical Engineering, Universitas Nasional, South
Jakarta, Indonesia. Email: novi.azman@civitas.unas.ac.id

Cahyono Heri Prasetyo, Mechanical Engineering, Universitas
Nasional, South Jakarta, Indonesia.

Sungkono, Mechanical Engineering, Universitas Nasional, South
Jakarta, Indonesia

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). This is an open access article under the
CC-BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/

Retrieval Number: D8894118419/2019©BEIESP
DOI:10.35940/ijrte.D8894.118419
Journal Website: www.ijrte.org

8208

combustion still causes vibrations. This is because there are
no opposing cylinders that balance, as in the 4-cylinder
engine. The piston is an important component in a 1000 cc
engine with 3 cylinders a piston. The piston functions as a
pressure inlet air and pressure receiver for combustion in the
combustion chamber. The piston is connected to the

crankshaft through the piston rod (connecting rod) which
will produce a4-step performancein combustion on a4 stroke
engine, namely the suction step, the compression step, the
effort step, and the exhaust step. In general, car engines need
regular maintenance every multiple of 10,000 hours to
maintain normal engine performance. Besides routine
maintenanceis also useful to anticipate if thereisinterference
with engine components that can interfere with engine
performance.

In the maintenance process carried out, it was found that
there were symptoms of damage to the piston which ismarked
by the presence of rough noise on the engine due to piston
performance is not optimal. At the time of the inspection
process heard a rough sound on the engine found a loss
compression on cylinder number 2. The results of the
measurement of compression pressure on cylinder no. 2 are
below the normal limit of 6 Psi while the normal limit of
compression pressureis 11.5 Psi. On cylinder no. 1 and no. 3,
the compression pressure is 11.5 Psi so cylinder no. 1 and 3
thereisno loss compression. From the results of examinations
on cylinder number 2, loss compression isthought to be dueto
adeformed piston surface. The deformed piston only operates
for 30,000 hours while the normal operation of the piston is
200,000 hours. The piston cannot be used anymore and must
be replaced with a new piston. The purpose of this study was
to obtain the factors causing the failure of a piston of
four-wheeled vehicles with a capacity of 1000 cc which
occurred for 30,000 hours. Factors causing these failures can
be identified by conducting tests which include:
M etall ographic observations to determine macrostructure and
microstructure of piston material that has failed. Hardness
testing to determine the hardness of the piston material that
has failed. Chemical composition testing to determine the
chemical composition of piston material that has failed

[1]-[3].

II. RESEARCH METHODOLOGY

The flow diagram of the research implementation process
can be seen in the Fig. 1. The process starts from checking
defective pistons based on visua inspection. After the piston
is obtained, the sample location of the piston failure is
selected.
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Deformation

The sample is then tested. There are three tests conducted,
metallography, hardness, and chemical composition [4].
From the test data, an analysisis carried out and conclusions

drawn from this study.
=
‘ Selection Of Sample Location |

Iletallography Chemiral Compogition

Fig. 1.Flow chart of failure analysis of pistonsfor 1000 cc
four-wheeled vehicles

This research uses a piston from afour-wheeled car that has a
1000 cc engine cylinder capacity. Specifically, thisisatype of
sedan with a 1000 cc engine cylinder capacity.

1. RESULT AND DISCUSSION

Research conducted on the failure of pistons on
four-wheeled vehicleswith a capacity of 1000 cc was carried
out through several stages, namely the measurement of test
object dimensions, visual inspection, macrostructure,
microstructure, hardness testing, and chemical composition
testing. The testing activity was carried out in B2TKS BPPT
in the PUSPIPTEK area, South Tangerang.

A. Macrostructure

Macrostructure testing is carried out on the damaged area
to see the surface of a four-wheel piston capacity of 1000 cc.
The examination was carried out with a 12x and 25x
magnification stereo microscope, Fig. 2.

. Deformation on the
Deformation on the

right side occurred

left side occurred

Fig. 2.Deformed Piston on 1000cc engine capacity sedan
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Deformation Area

Fig. 3.Macrostructure of the piston upper surface is
defor med

Fig. 3 shows the deformation on the surface of the left and
right sides of the piston. Deformation on the top surface of the
piston isthought to be dueto acollision with the cylinder head
caused by a buildup of scale on the piston top.

Caption:

a. Areas of the left side of the piston surface that are
deformed.

b. Areas of the left side of the piston surface that are
deformed. (Zoom: 25x)

¢. The area of theright side of the piston surface deformed.

d. The area of theright side of the piston surface deformed.
(Zoom: 25x)
Damage that occurs at the top (side of the combustion
chamber) in the form of defects dueto theimpact of the piston
with the cylinder head that causes deformation of the piston
material [5]. Also, on the surface of the piston visible black
crust that is thick enough to stick to the piston surface. The
damage can cause defects in the piston which is thought to
result in rough engine noise and |oss compression.

B. Microstructure

Microstructure testing is carried out on pistons that are
damaged, the results can be seen in figure 4.

Deformation
s
A

Deformation

d | 500x |

Fig. 4.Surface microstructure of a 1000 cc piston sedan

Caption of Fig. 4 are (a) aand b microstructure test results of
the left side of the upper surface of the piston materia (b) ¢
and d of the microstructure test results of the right side of the
upper surface of the piston
material Figure 4.
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Showsthe elongated piston sample cut that has a defect dueto
a large impact load. This is supported by structural
deformation. In the deformation area of the right side of the
piston surface, the hardest impact occurs and is expected to
cause cracksin that area[6], [ 7]. Whereas in the deformation
area of the left side of the piston surface only small
deformations occur that do not cause crack.

The occurrence of small cracks or microcrack in the
deformation area of the right side of the piston surface can be
seenin Fig. 5.

Fig. 5 providesinformation that there is a sharp defect that
forms an angle that is indicated to hit an object that is sharp
enough. In the area of impact found a fine crack or
microcracks.

The fine cracks form a cavity or hollow which has an
impact on the performance of the piston decreases, causing an
effect on the engine in the form of symptoms of loss
compression and noise.

Impact defects

Impact defects

- |
¥ X e 3
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Fig. 5.Defects on the piston (etching: 50x, 100x, 200x, and
500x magnification)

Microstructure testing is also carried out in the nearest area
around the area where deformation occurs in the piston
material. The test results can be seenin Fig. 6.

Fig. 6.The Closest Areato the Deformation Area
(etching: Dix’s Keller reagent)

Figure 6 provides information that the concave surface area
(middle of the piston) on the upper side piston closest to the
deformed piston area does not reveal any defects. This shows
that there was no collision between the cylinder head and the
piston in the area caused by the buildup of scale. From the
explanation of the results of microstructure testing, 3
conclusions can be drawn [8], [9], namely:
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1. The left side area of the top surface of the piston occurs
deformation but does not cause cracks/cracks.

2.Concave side area (middle) of the top surface of the piston
does not occur deformation because there is no collision
between the piston with the cylinder head caused by the
crust.

3. The right side area of the top surface of the piston occurs
very large  deformations that  cause  fine
cracking/microcrack, this occurs because the most
accumulation of crust is on the right side area of the piston
surface. A large amount of scale accumulation in the right
side of the piston surfaceisdueto the areabeing closeto the
exhaust valve so that the scale tends to accumulate in the
area.

C. Hardness

Piston hardness testing is carried out at 2 (two) locations,
namely the damaged piston and the undamaged piston.
Hardness testing in each sample of 15 sample points of the
hardness test location is shown in Fig. 7, while hardness test
dataisshownin Table 1.

‘ Damaged Piston | ‘ Undamaged Piston

sawmpelra

Fig. 7.Piston Material Hardness Test Point L ocation

Fig. 7. Shows the location of a sample of hardness tested.
Sample 1 (piston that was failure there were 15 points of
hardnesstest |ocation and sample 2 (piston that did not suffer)
there were 10 points of hardness test location.

Table- I: Piston material hardnesstest values

Vickers Hardness Rate (HV)
Location No. Piston 1 Piston 2
(Failure) (Unfailure)
Piston Mains 1 127 126
Area 2 126 125
8 125 129
Deformation 4 127 128
area 5 125 128
6 123 125
The closest area 7 129 127
of deformation 8 130 128
9 128 127
10 134 128
11 131 -
The furthest 12 107 -
area of 13 126 -
deformation 14 127 _
15 126 -
Average 126 127

Table-l. Shows that the average hardness of the deformed
piston materia is 126 HV and the average hardness of the
deformed piston material is
127 HV.
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Fromtheviolence side, it isfound that thereisno differencein
the hardness of the material around the defect with the piston
base material. This shows that deformation that occurs on the
piston surface does not have an impact on the change in
material hardness of the piston itself. Deformation that occurs
on the top surface of the piston causes microcarck by the
results of microstructure testing. The presence of a
microcrack on the top surface of the piston can cause arough
noise in the engine that is sourced from the fluid pressure in
the form of air in the combustion chamber decreases (failure
in the adiabatic area) which causes the compression stroke to
become unstable.

The impact of the instability of the compression step is the
occurrence of loss compression which will result in
incomplete combustion resulting in a pile of soot crust
leftover from the combustion chamber and stacked on the
piston surface [10], [11]. Thus the handling carried out to
repair the problem isto replace a new piston.

D. Chemical Composition

Testing the chemical composition of the piston materia is
carried out using a spectrometer to determine the constituent
elements of the piston material. Test data for the chemical
composition of piston materials are shown in Table-1l. The
content of the main combination of piston material is 81.10%
Al and 14.851% Si with other combined elementsis 0.533%
Fe and 0.938% Mg. Based on the composition of the
combined elements it is known that the piston material is
made of Al-Si aloy.

Table- I1: Data on the chemical composition of pistons

that have defects

Deformed piston Piston that is not deformed
No | Element Element Content Element Content (% by
(% by weight) weight)
1 Al 81.10 81.15
2 Fe 0.533 0.542
3 S 14.851 14.943
4 Mn 0.051 0.052
5 Mg 0.938 0,944
6 Cr 0.012 0,013
7 Ni 1.034 1.032
8 Cu 1.138 1.137
9 \ 0.011 0.012
10 | Ti 0.024 0.025
11 | Sn 0.544 0.554
12 | Pp 0.001 0.001
13 | Co 0.007 0.008
14 | zn 0.000 0.000

From Table-1l itisknown that for deformed pistons there was
adecrease inthe Al element content by 0.05%, the Fe element
content by 0.009%, the Si element content by 0.092% and the
Mg element content by 0.006%. This shows that the
deformation that occurs in the piston material affects the
interaction between the combining elements in the piston
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material so that the Mg,Si and Mg,Al; compounds will be
formed. The formation of these compounds causes a voltage
difference in the piston material component which results in
residual stress [12]. The resulting residual stress causes the
piston material areato experience fine cracks or microcrack.
Over a long period, the cracks will corrode and the
accumulation of excess scale and cracks in the cracks will
result in decreased piston performance and the engine cannot
work normally [13].

E. Piston Damage Analysisfor Four-Wheeled Vehicles
with a Capacity of 1000 cc

From the elaboration of the results of the analysis of piston
material  testing namely metallographic observations,
hardness testing and chemical composition testing it can be
seen that the damage to the piston is caused by a buildup of
crust on the piston surface, so that the gap between the piston
surface with the cylinder head becomes small when the piston
is operating. The existence of the scale can cause a collision
between the surface of the piston with the cylinder head. The
collision occurs repeatedly so that it can cause plastic
deformation on the piston surface. As the piston operating
time goes on, theimpact can cause fine cracksin the deformed
piston area. The fine cracking is thought to be the cause of
loss compression and rough noise on the engine.

IV. CONCLUSION AND SUGGESTION

Based on the results of a study of research data on piston
damage in a 1000 cc four-wheeled vehicle, it can be
concluded as follows.
1.Observation of the macro-structure proves that there is

deformation in the surface area of the piston material.

2. Microstructure observation showsthat the deformation area
of theleft side of the piston'stop surface does not occur, the
concave area or the center area of the piston's surfaceis not
deformed/deformed and in theright side areathereisavery
large deformation resulting in adlight crack (microcrack) in
the area.

3.There is no difference in the value of microhardness
between the piston material in the deformed area and the
hardness of the non-deformed piston material.

4.The 1000 cc sedan piston is made of AL-Si aloy. In the
deformed piston surface area, Mg2Si and Mg2AI3
compounds are formed. These compounds that cause the
occurrence of fine cracks (microcrack) on the top surface of
the piston.

5. Early damage to the 1000 cc sedan piston material is caused
by the presence of a microcrack on the surface material of
the upper side of the piston due to the impact of the piston
surface with the cylinder head.

Based on the results of research conducted on deformed
pistons, the following are suggested.

1. Needed to do a deeper assessment of the size of fine cracks
using a Scanning Electron Microscope (SEM).

2.The scale content that has accumulated on the piston top
surface needs to be known by using SEM and EDAX.
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3. Vehicle maintenance must be done periodically to prevent
premature damage to the piston of four-wheeled vehicles
with a capacity of 1000 cc.
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